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by 
Charles H. Ehrmann 

NASA/Goddard Space F l igh t  Center 
Greenbelt ,  Maryland 

Abstract  

A d i g i t i z e d  spark chamber has been developed f o r  bal loon borne 

and s a t e l l i t e  ganana r ay  astronomy. The de tec to r  i s  a mult i -array w i r e ,  

p l a t e  chamber u t i l i z i n g  magnetic cores f o r  buffer  s torage  and magnetic 

tape  fo r  da t a  logging. The high vol tage system cons i s t s  of a set of 

gas krytrons t r iggered  by avalanche t r a n s i s t o r  pu lsers .  Track informa- 

t i o n  is  s tored  i n  p a r a l l e l  i n t o  a f e r r i t e  core  a r ray  mounted t o  t h e  

chamber f ace  and buffered v i a  a l i nea r  s e l e c t  memory system i n t o  a 

s i x t e e n  t r ack  sub miniature  t a p e  recorder f o r  bulk s torage .  

A l s o  included is  a 16 channel r a t e  meter and housekeeping mult i -  

plexer which in t e r l eaves  d a t a  with t r a c k  information onto the  tape  

recorder .  The package is designed t o  opera te  fo r  long periods of t i m e  

on a s i n g l e  charge of neon-helium gas i n  a f r e e  bal loon environment. 

.. 



In  t roduc t ion 

A d i g i t i z e d  spark chamber has been developed f o r  bal loon borne gamma 

ray  astronomy by the  method of electr ,on pos i t ron  p a i r  productions.  This 

paper w i l l  present  a b r i e f  desc r ip t ion  of t h e  de t ec to r  a r r ay  and high 

vo l t age  system and a thorough treatment of t he  assoc ia ted  d a t a  a c q u i s i t i o n  

and d a t a  handling systems. 

Detect or  

The de tec to r  ( f igure  1 )  cons is t s  of two s ix t een  sec t ion  plate-wire  g r id  

chambers, a t h i n  c e n t r a l  P i l o t  B s c i n t i l l a t o r  and a quar tz  Cerenkov r a d i a t o r  

housed i n  a gas t i g h t  ves se l  and covered by a l a rge  P i l o t  B ant icoincidence 

dome (1). 

The de tec to r  w i l l  be flown i n  an or ien ted  gondola using a f luxgate  

magnetometer f o r  d i r e c t i o n  sensing and gas r eac t ion  j e t s  f o r  propulsion. 

The poin t ing  accuracy requirement of t he  gondola and de tec to r  configura- 

t i o n  a r e  imp l i c i t  i n  the  physics of t he  experiment and a r e  beyond t h e  scope 

of t h i s  paper. 

The chambers a r e  s ix  inches square,  t h e  p l a t e  cons i s t s  of a .02 r ad i -  

a t i o n  length gold aluminum sandwich absorber and the  g r id  of 128 .007" 

diameter beryll ium copper wires on ,047 inch cen te r s ,  wi th  p l a t e  g r id  spacing 

approximately ,093 inches,  and operat ing a t  one atmosphere i n  90% neon and 

10% helium, with argon added f o r  Penning e f f e c t .  ., 
The p l a t e s  a r e  formed by annealing the  aluminum s tock  between f l a t  

.. 
s t a i n l e s s  s teel  plates ,  and then p l a t ing  ,002 inches of gold onto e i t h e r  s i d e .  

They a r e  held f l a t  by r i v e t i n g  s t r e t c h e r  bars  t o  each of the  four edges 



cementing copper p ins ,  posit ioned by g l a s s  bonded mica loca to r  j i g s ,  i n t o  

grooves i n  the frame, and then u l t r a s o n i c a l l y  welding the  wires  t o  them. 

Glass bonded mica(2) was chosen as a frame ma te r i a l  f o r  i t s  low out-  
I 

gass ing  r a t e ,  high d i e l e c t r i c  s t r eng th ,  and r e l a t i v e  ease of machinabi l i ty .  

The chamber i s  assembled by clamping wired frames, p l a t e s ,  and appro- 

p r i a t e  f i l l e r  ba r s ,  t o  maintain proper e l e c t r i c  f i e l d  d i s t r i b u t i o n ,  i n  a 

s t e e l  f i x t u r e .  

The memory cores (3) a r e  located d i r e c t l y  a t  t h e  ends of the  spark 

wires and a r e  supported i n  small  shelves  which also conta in  cu r ren t  l i m i t i n g  

r e s i s t o r s  and t h e  readout sense w i r e s .  (Figure 2) 

The coincidence system cons i s t s  of t h e  p l a s t i c  ant icoincidence dome 

\P) viewed from t h e  base by s i x  RCA CF 7151 PM tubes whose outputs  a r e  

summed , a 1/8" t h i c k  c e n t r a l  p l a s t i c  s c i n t i l l a t o r  edge viewed, through a 

curved l u c i t e  l i g h t  pipe; by an RCA CF 7151 EM tube posi t ioned beside t h e  

chamber (a) and a 5" diameter EM1 9530 OA photomult ipl ier  wi th  a 4'' t h i c k  

qua r t z  Cerenkov r ad ia t ing  f ace  coated t o  make i t  u n i d i r e c t i o n a l  ( c ) .  

The chamber may be f i r e d  on e i t h e r  an 'iiBC or XC event through a f a s t  

coincidence system wi th  a time r e s o l u t i o n  of 200 nsec and a t o t a l  delay 

t i m e  of less than 50 nsec.  The coincidence output i s  fed t o  both the  high 

vol tage  pulsers  and t o  the  memory scan e l e c t r o n i c s ,  The coincidence sys tem 

a l s o  provides counting r a t e  and coincidence r a t e  ou tputs  t o  the  housekeeping 

da ta  mult iplexer  . 



- 3- 

The high vol tage  system cons is t s  of a set of avalanche t r a n s i s t o r  

d r i v e r s  transformer coupled t o  the gr ids  of  t h e  thy ra t ron  high current(4)  

pu l se r s .  Eggerton, Germeshausen and Grier KN 2 kryt rons  a r e  used with an 

800 v o l t  g r id  d r iv ing  pulse  and 2.4 KV p l a t e  supply t o  g ive  a 20 ns r i s e  
. .  

time 2.2 KV negat ive going pulse  a t  t h e  p l a t e ,  with a t o t a l  of 50 nsec delay 

time. These tubes ,  though q u i t e  s a t i s f a c t o r y  fo r  bal loon work, have u s e f u l  

l i v e s  of only seve ra l  weeks making them unsu i t ab le  f o r  s a t e l l i t e  experi-  

ments. Work is under way t o  perfect  a s o l i d  s t a t e  pu lser  which w i l l  no; 

be t roubled by l i f e t i m e  problems. 

Data System 

The da ta  system cons i s t s  of a buffered memory scan system, a house- 

keeping d a t a  handling system, and a tape  mul t ip lexer  and recorder .  

The core memory i s  arranged as  a 256 word l i n e a r  s e l e c t  memory with a 

s i x t e e n  b i t  word length.  This arrangement w a s  chosen as the  minimal hard- 

ware conf igura t ion ,  while  providing a high readout rate and good output S/N 

r a t i o  (5 1 . 
A memory addressing sys tem may be  b u i l t  of n s e l e c t i n g  devices ,  where 

n is m t i m e s  t h e  mth root  of the  number of cores  and m is  the  dimension of 

t h e  s e l e c t i n g  mat r ix ,  t h a t  i s  i f  each core i s  described by th ree  co-ordinates  

t h e  number of s e l e c t i n g  devices  which must be u t i l i z e d  is equal t o  3 times 

t h e  cube roo t  of t h e  number of cores i n  t h e  set. In our case the re  a r e  four  

thousand n ine ty  s i x  cores  so f o r  a three  dimensional s e l e c t  matrix for ty-  

e i g h t  s e l e c t  devices  a r e  needed. For a conventional coincident  cur ren t  

memory which i s  a two dimensional system 256 select devices  would have been 

r equ i r ed .  

.- 

- -  



per  chamber p l a t e ,  and car ry ing  cur ren t  t o  reset the  core ,  and the  t h i r u  

i s  .I sense  wire, threading a l l  256 cores  assoc ia ted  w i t h  e\ich x-y plcrte PCLLL-, 

which senses core  change oi' s t a t e .  The reset  wires a r e  f u r t h e r  prrangecl 

i n  .i mat r ix  ( f igu re  3)  with 16 shockley diode cur ren t  sources ,  which prci . ;  e 

0.3 ampere, 1 psecond, pu lses  2nd 16 cur ren t  s inks  c o n s t i t u t i n g  the  s e l e c t  

elements,  thus by f i r i n g  one source wi th  only one s i n k  conducting a s i n g l e  

r e s e t  w i r e  may be s e l e c t e d ,  reading  t h e  conten ts  of 16 cores  i n t o  t h e i r  

assoc ia ted  sense wires. These wires a r e  thansformer coupled t o  tunnel  

diode thresholded, s i n g l e  ended, sense arnplif iers which d e t e c t  t he  0.5 v o l t  

output  pulses from t h e  set  cores  ( f igu re  4 ) .  A t  pu l se  t i m e  t h e  s ta tes  of  

t hese  a m p l i f i e r s  a r e  s t robed i n t o  3 16 b i t  shi ; t  r e g i s t e r  forming the  t h i r d  

dimension of t h e  s e l e c t  system. 

l 

r -  coincident cur ren t  memory i n  the  same a p p l i c a t i o n  would have requi red  

:our w i r e s  per core ;  one spx-k wire  Lind 3 sense wi re  se rv ing  t h e  s me pur- 

pose 1s t h e i r  counterpar t s  i n  t h e  e x i s t i n g  system, ani. two d r i v e  wircs e?ch 

c x r y i n g  ha l f  t he  core  r e s e t  c u r r e n t ,  t o  read out  i; s i n g l e  core .  

h?ve produced two hardware i n e f f i c i e n c i e s ;  f i r s t  a n  e x t r a  w i r e  would have 

h?cl t o  h we  been thrended through each co re ;  and second, s i n c e  t h e  reset  

c-urreiic woul ' ilnvc bceii o n l y  s l  igh1:ly 1arzcr  t b n  ixinirium switching c-urrent , 

? " r ~  s i n c e  core output i s  a s t r o n g  func t ion  of d r i v e  c u r r e n t ,  much more 

sophis t ica ted  sense ampl i f i e r s  would have been r equ i r ed .  

This would 

- .  
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A 12 b i t  s c a l e r  is used t o  decode the  core loca t ion  ( f igu re  5). The 

f i r s t  four b i t s  decode the  contents  of  t he  l a s t  b i t  of the  s h i f t  r e g i s t e r ,  

t h e  second four the  cur ren t  pu lser  l a s t  f i r e d  and the  t h i r d  four t h e  

cur ren t  s i n k  se lec ted  thus def in ing  t h e  core being read ou t .  

In  opera t ion ,  a delay is  i n i t i a t e d  on coincidence t o  allow spark 

t r a n s i e n t s  t o  d i e  away, a l l  scalers a r e  reset t o  zero,  t h e  s h i f t  r e g i s t e r  

i s  c leared ,  and t h e  f i r s t  r e s e t  wire  is  f i r e d .  S h i f t  pulses  a r e  counted 

u n t i l  a s e t  core  is found, i nh ib i t i ng  counting and s h i f t i n g  u n t i l  t h e  

address  of t he  s e t  core  is recorded. Sh i f t i ng  then resumes. After  each 

16th s h i f t  pulse  t h e  contents  of the  next column of cores  is  loaded i n t o  

t h e  s h i f t  r e g i s t e r .  The process continues i n  t h i s  manner u n t i l  a l l  cores  

have been examined, f r ee ing  t h e  chamber f o r  t he  next event.  This method 

of scanning w a s  chosen over simply recording t h e  contents  of  all cores  

because i n  any s i n g l e  event t h e  number of f i r e d  cores w i l l  be small ,  and 

only 12 b i t s  of da t a  need be s tored  f o r  each f i r e d  core ,  a s  aga ins t  4096 

b i t s  i f  a l l  cores  were f i r e d .  

Further  recording e f f i c i e n c i e s  could have been implemented by recording 

only t h e  f i r s t  of a group of adjacent s e t  cores  and the  number of such 

cores  i n  the group, and by imnediately f i r i n g  the  next readout w i r e  i f  a l l  

cores  s t robed by any wire had been zero. It w a s  determined however, t h a t  

w i th  t h e  e x i s t i n g  scan and counting rates dead t i m e  would be low a t  bal loon 

a l t i t u d e ,  chamber scan t i m e  being (1 .I. 11/16) seconds, where n is the  number 

of set cores .  
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Housekeeping Data System 

It i s  a l s o  d e s i r a b l e  t o  monitor counting rates of t he  i.oincidencc 

d e t e c t o r s ,  chamber l i v e  t ime,  and such parameters as poin t ing  accuracy and 

d i r e c t i o n  of t he  bal loon gondola, power and o r i e n t a t i o n  f u e l  consumption, 

chamber gas pressure  and temperatures.  

and analog d a t a  handl ing assembly has been constructed ( f igure  6 ) .  

To t h i s  end a 16 t Ivniicl t ' r g i t a l  

The s y s t e m  provides 8 channels of d i g i t a l  pu lse  counting and an  8 

p o s i t  ion analog mult iplexer  and ADC. 

The binary accumulators a r e  8 b i t s  i n  length  providing counting 

accuracy of one p a r t  i n  256. 

down counting r a t e s  s o  t h a t  t he  accumulators w i l l  not overflow during t h e  

counting in t e rva l .  Individual  d e t e c t o r ,  double,  and t r i p l e  coincidence 

r a t e s  a r e  monitored. In  add i t ion  t h e  coincidence condi t ions f o r  any 

analyzed event a r e  s to red  i n  th ree  f ixed co re  loca t ions  and recorded dur ing  

memory scan. 

D i g i t a l  p re sca l e r s  are provided t o  scale  

One of t h e  accumulators se rves  as a l i v e  t i m e  counter  accumulating 

time i n  minutes with a 1/16 second p rec i s ion .  

The analog t o  d i g i t a l  converter  a l s o  accu ra t e  t o  1 p a r t  i n  256, i s  

used t o  moniter vo l t age  t ransducers  f o r  record ing  t h e  o t h e r  housekeeping para- 

meters .  

The housekeeping mul t ip lexer ,  memory scan  system, l i v e  t i m e  c lock,  

ADC, and tape recorder  a l l  ope ra t e  from a common i ' r c l u c i ~ ~ y  source c o n s i s t i n g  

o f  a 16 kc c r y s t a l  o s c i l l a t o r  and d i g i t a l  countdown chain.  

frequency being 4 kb, ADC rate 1 kb and record  ra te  32 bps.  

Memory scan 
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Data i s  logged i n  p a r a l l e l  onto a 16 track write only recorder  

developed a t  GSFC. Recording r a t e  is 32 words per second and tape  

speed is  .375 i p s .  The recorder  system in t e r l eaves  housekeeping infor -  

mation wi th  core  information when ava i lab le .  ' b o  t r acks  are used as selective 
.~ 

s t r o b e s ,  one f i r i n g  when core information i s  p resen t ,  t h e  o the r  f o r  house- 

keeping data  ( f igure  7). 

The core  words are 13 b i t s  i n  length - twelve f o r  core  address  and 

one f o r  a scan-ready mode ind ica to r .  

The housekeeping words are 12 b i t s  i n  length - 8 d a t a  b i t s  and 4 b i t s  

of  channel address.  It w a s  decided t o  record a l l  channel addresses  r a t h e r  

than  decode them t o  s impl i fy  ground d a t a  reduct ion.  

The housekeeping mult iplexer  i s  run  synchronously wi th  the  recorder  

and completes a scan of  a l l  16 channels i n  one second. Core data is  

recorded whenever a v a i l a b l e  and a s igna l  i s  returned t o  t h e  scan  e l e c t r o n i c s  

when 'recording is  complete so t h a t  scanning may continue. 

The system is completed by a compact ground d a t a  handling console  

s m a l l  enough t o  be carried i n t o  the  f i e l d  which produces s t r i p  c h a r t  

records  of housekeeping d a t a  and e i t h e r  an osc i l loscope  d i sp lay  o r  photo- 

graphic  f acs imi l e  of ind iv idua l  chamber events .  
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Figure Captions 

Figure 1 - Garmna Ray Telescope - Detector Array 

Figure 2 - Wire G r i d  and Core Shelf Structures 

Figure 3 - Spark Chamber Memory Arrangement: 

Figure 4 - Sense Amplifier 

Figure 5 - Memory System Block Diagram 

Figure 6 - Data Multiplexer Block Diagram 

Figure 7 - Tape Format 
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